SPECIFICATION 



AUDIO CHARACTERISTIC CORRECTION SYSTEM 

TECHNICAL FIELD 
This invention relates to audio characteristic correction systems and in 
particular to audio surround systems, in which sounds (or sound beams) emitted from 
directional speakers such as array speakers are reflected on wall surfaces of desired 
rooms or on sound reflection boards so as to create virtual sound sources, wherein 
audio characteristic correction systems correct audio characteristics of sounds reflected 
on sound reflection boards. 

BACKGROUND ART 
Recently, various types of audio sources have been distributed and provided 
in open markets; hence, 5.1 -channel multi-channel audio signals are recorded on 
DVDs (digital versatile disks), for example. Audio digital surround systems for 
reproducing audio sources have become common in households. FIG. 1 1 is a plan 
view showing an example of arrangement of speakers in an audio digital surround 
system, wherein reference symbol Zone designates a listening room for use in audio 
surround playback; reference symbol U designates a listening position; reference 
symbol SP-L designates a speaker for use in playback of a main left signal L; reference 
symbol SP-R designates a speaker for use in playback of a main right signal R; 
reference symbol SP-C designates a speaker for use in playback of a center signal C; 
reference symbol SP-SL designates a speaker for use in playback of a rear left signal 
SL; reference symbol SP-SR designates a speaker for use in playback of a rear right 
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signal SR; reference symbol SP-SW designates a sub-woofer for use in playback of a 
sub-woofer signal (a low-frequency signal) LFE; and reference symbol MON 
designates a video device such as a television receiver. 

The audio digital surround system of FIG. 11 can effectively realize various 
sound fields in the listening room Zone. However, this audio digital surround system, 
in which plural speakers are spread out and distributed in the listening room Zone, 
suffers from various drawbacks in that in order to arrange the rear speakers SP-SL and 
SP-SR for surround playback in the rear of the listening position U, wiring lengths 
therebetween must be increased, and in that the arrangement of the rear speakers 
SP-SL and SP-SR is limited due to the overall shape of the listening room Zone and 
due to the arrangement of furniture. 

As a countermeasure solving the aforementioned drawbacks, there is provided 
an audio surroimd system in which rear speakers are each constituted using directional 
speakers each having sharp directivity and are arranged in fi-ont of the listening 
position, while a sound reflection board is arranged in the rear of the listening position. 
This is disclosed in Japanese Unexamined Patent Application Publication No. 
H06-178379, for example. Herein, surround-channel sounds emitted from directional 
speakers are reflected on the sound reflection board, thus demonstrating effects similar 
to those realized by arranging rear speakers in the rear of the listening position. FIG. 
12 is a plan view showing an example of arrangement of speakers in the audio 
surround system disclosed in the aforementioned Japanese imexamined patent 
application publication, wherein reference symbols B-L and B-R designate sound 
reflection boards. 

It is possible to use another method as shovra in FIG. 13, in which a rear wall 
surface positioned in the rear of the listening position is used as a sound reflection 
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board. For example, Japanese Unexamined Patent Application Publication No. 
H03- 159500 discloses a three-dimensional stereo playback method in which array 
speakers are used to create virtual sound sources in a prescribed space. By use of this 
technology, it is possible to produce virtual speakers in the rear of the listening 
position. 

As described above, it is possible to produce virtual speakers in the rear of the 
listening position by arranging sound reflection boards in the rear of the listening 
position or by using wall surfaces of a listening room as sound reflection boards. 
However, these methods may have difficulty in realizing virtual speakers having good 
audio characteristics because audio characteristics of the wall siurfaces or sound 
reflection boards influence audio characteristics of the virtual speakers. 

This invention is made to solve the aforementioned problems; and it is an 
object of the invention to provide an audio characteristic correction system adapted to 
an audio surround system in which sounds emitted from directional speakers are 
reflected on wall surfaces of a prescribed room or on sound reflection boards so as to 
produce virtual speakers, wherein audio characteristics of the wall surfaces or sound 
reflection boards are corrected for so as to improve audio characteristics of the virtual 
speakers. 

DISCLOSURE OF THE INVENTION 
This invention provides an audio characteristic correction system adapted to 
an audio surround system in which sounds emitted from directional speakers each 
having sharp directivity are reflected on wall surfaces of a prescribed room or on 
soimd reflection boards so as to produce virtual speakers, wherein audio characteristics 
of the wall surfaces or sound reflection boards are corrected for. It has a 
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characteristic correction means for correcting at least one of frequencies, gain 
characteristics, frequency-pheise characteristics, and gains of audio signals supplied to 
the aforementioned directional speakers in such a way that sounds reflected on the 
aforementioned wall surfaces or sound reflection boards have desired audio 
characteristics at a prescribed listening position. A sound emission device such as an 
array speaker or a parametric speaker realizing intense directivity is arranged at a 
prescribed position; sound waves output therefrom (i.e., sounds) are emitted to and 
reflected on a prescribed wall surface or a sound reflection board; thus, it is possible to 
realize soimd localization in which a speaker may actually exist at a reflection position. 
Herein, the problem is audio characteristics of the wall surface or sound reflection 
board, which should be corrected for. This invention does not involve processing or 
modifying the wall or sound reflection board but correcting audio signals 
corresponding to sounds emitted from directional speakers, and thus imparting ideal 
audio characteristics (e.g., flat audio characteristics) to sounds reaching a listening 
position or imparting audio characteristics preferred by a listener. 

In accordance with one embodiment, an audio characteristic correction system 
of this invention is constituted to include a measurement means for measuring audio 
characteristics of sovmds reflected on the aforementioned wall surface or sound 
reflection board, and a control means for controlling at least one of firequencies, gain 
characteristics, frequency-phase characteristics, and gains of the aforementioned 
characteristic correction means based on measurement results in such a way that 
sounds reflected on the wall surface or sound reflection board have desired audio 
characteristics at a listening position. 

In accordance with this invention, which has a measurement means for 
measuring audio characteristics of sounds reflected on the wall surface or soimd 
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reflection board and a control means for controlling at least one of frequencies, gain 
characteristics, frequency-phase characteristics, and gains of the characteristic 
correction means based on measurement results in such a way that sounds reflected on 
the wall surface or sound reflection board have desired audio characteristics at a 
listening position, it is possible to cope with differences of audio characteristics due to 
wall surfaces (or rooms). By measuring audio characteristics of sounds reflected on 
the wall surface or sound reflection board, it is possible to make a decision as to 
whether or not desired audio characteristics can be obtained; hence, it is possible to 
notify the listener of an even in which desired audio characteristics cannot be obtained 
in spite of the characteristic correction means performing correction. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG 1 is a block diagram showing the constitution regarding essential parts of 
an audio characteristics correction system in accordance with a first embodiment of 
this invention; 

FIG 2 is a block diagram showing the intemal constitution of a characteristic 
correction device shown in FIG. 1 ; 

FIG 3 A is a simple block diagram showing an audio characteristic correction 
operation in accordance with the first embodiment; 

FIG. 3B shows flat frequency-gain characteristics realized by an audio signal 

SO; 

FIG 3C shows frequency-gain characteristics of a sound SI produced based 
on the audio signal SO shown in FIG 3A; 

FIG. 3D shows frequency-gain characteristics of a sound S2 produced upon 
reflection of the sound SI shown in FIG. 3C; 
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FIG. 3E shows flat frequency-gain characteristics realized by an audio signal 

SO; 

FIG. 3F shows frequency-gain characteristics of a sound SI produced by 
correcting audio characteristics of the audio signal SO; 

FIG. 3G shows frequency-gain characteristics of a sound S2 produced upon 
reflection of the sound SI shown in FIG. 3F; 

FIG. 4 is a block diagram showing the internal constitution of a directional 
speaker applied to an audio characteristic correction system in accordance with a 
second embodiment of this invention, wherein an array speaker is used; 

FIG. 5 is a drawing for explaining directivity control for virtual speakers, 
which are realized by an array speaker; 

FIG. 6 shows an example in which numerous virtual speakers are realized by 
use of array speakers; 

FIG. 7 shows an example in which array speakers simultaneously output audio 
signals of main channels and surround channels; 

FIG. 8 is a block diagram showing the constitution of an audio characteristic 
correction system in accordance with a third embodiment of this invention; 

FIG. 9 is a block diagram showing the constitution of an audio characteristic 
correction system in accordance with a fifth embodiment of this invention; 

FIG 10 is a block diagram showing the constitution of an audio characteristic 
correction system in accordance with a sixth embodiment of this invention; 

FIG. 1 1 is a plan view showing an example of arrangement of speakers in a 
digital surround system; 

FIG. 12 is a plan view showing an example of arrangement of speakers in a 
surround system in which rear speakers are arranged in front of a listening position; 
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and 

FIG. 13 is a plan view showing an example of arrangement of speakers in a 
surroxmd system in which a wall surface positioned in the rear of a listening position is 
used as a sound reflection board. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The preferred embodiments of this invention will be described in detail by 
way of examples with reference to the accompanying drawings. 
[First Embodiment] 

FIG. 1 is a block diagram showing the constitution of an audio characteristic 
correction system in accordance with a first embodiment of this invention. The audio 
characteristic correction system is applied to an audio surround system, wherein FIG. 1 
shows only the constitution for a surroxmd chaimel (i.e., a rear left signal SL or a rear 
right signal SR), and it does not show the constitution for a main channel (i.e., a main 
left signal L or a main right signal R). 

The audio characteristic correction system in accordance with the first 
embodiment is constituted by an audio signal generation device 1 such as a DVD/CD 
player and an AV amplifier (audio-visual amplifier), a characteristic correction device 
2 for correcting at least one of fi-equency-gain characteristics (or fi-equency-amplitude 
characteristics), frequency-phase characteristics (or group delay characteristics), and 
gains of audio signals output from the audio signal generation device such that soimds 
reflected on a wall surface of a listening room or a sound reflection board 4 have 
desired audio characteristics at a listening position U, and a directional speaker 3 for 
emitting sound towards the wall surface or the sound reflection board 4. 

An audio signal SO of a surround channel (i.e., a rear left signal SL or a rear 
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right signal SR) output from the audio signal generation device 1 is subjected to 
correction in the characteristic correction device 2 so as to produce an audio signal 
SO'; based on the audio signal SO', the directional speaker 3 emits a sound SI, which is 
then reflected on the wall surface or the sound reflection board 4; hence, a reflected 
sound S2 reaches the listening position U. Thus, it is possible to realize sound 
localization as if a speaker actually existed at the wall surface or the sound reflection 
board 4. The characteristic correction device 2 imparts desired frequency-gain 
characteristics, desired frequency-phase characteristics, or desired gain to the audio 
signal SO so as to output the audio signal SO'. 

FIG. 2 is a block diagram showing the constitution of the characteristic 
correction device 2. The characteristic correction device 2 is constituted by an A/D 
converter (an analog-to-digital converter) 21 for converting the audio signal SO output 
from the audio signal generation device 1 into a digital signal, a frequency 
characteristic correction filter 22 for correcting an output signal of the A/D converter 
21 to make the frequency-gain characteristic of the sound S2 reflected on the wall 
surface or the sound reflection board 4 have desired audio characteristics at the 
listening position U, a phase characteristic correction filter 23 for correcting an output 
signal of the frequency characteristic correction filter 22 to make the frequency-phase 
characteristic of the sound S2 have desired audio characteristics at the listening 
position U, a gain adjustment circuit 24 for adjusting a gain of an output signal of the 
phase characteristic correction filter 23 to make the sound S2 have a prescribed level at 
the listening position U, and a D/A converter (a digital-to-analog converter) 25 for 
converting an output signal of the gain adjustment circuit 24 into an analog signal. 

It is preferable that the frequency characteristic correction filter 22, the phase 
characteristic correction filter 23, and the gain adjustment circuit 24 be constituted 
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using digital circuits whose characteristics can be easily changed. That is, when 
digital filters are used for the frequency characteristic correction filter 22 and the phase 
characteristic correction filter 23, it is possible to realize any kinds of frequency-gain 
characteristics and fi-equency-phase characteristics because filter coefficients can be 
changed freely. In addition, when digital multipliers are used for the gain adjustment 
circuit 24, it is possible to fi-eely adjust the gain by changing multiplication 
coefficients. Furthermore, when digital circuits are used for the frequency 
characteristic correction filter 22, the phase characteristic correction filter 23, and the 
gain adjustment circuit 24, it is possible to easily perform control by means of an 
external device. 

Next, operations for correcting fi*equency-gain characteristics at the wall 
surface or the sound reflection board 4 will be described with reference to FIGS. 3 A to 
3G. The present embodiment is designed upon the presumption that ideal sound 
transmission characteristics are established in the space of a room for the purpose of 
avoiding complicity in realization of a sound system model. 

First, operation in which audio characteristic correction is not performed, i.e., 
the operation in which the characteristic correction device 2 is excluded fi-om the 
constitution, will be described. When the audio signal generation device 1 outputs an 
audio signal SO, the directional speaker 3 emits a sound SI towards the wall surface or 
the sound reflection board 4. When the audio signal SO has a flat fi-equency-gain 
characteristic as shown in FIG. 3B and both the directional speaker 3 and the space 
have ideal sound transmission characteristics, the soimd SI has flat firequency-gain 
characteristics as shown in FIG. 3C and is emitted to the wall surface or the sound 
reflection board 4. The sound SI reflects fi-equency-gain characteristics of the wall 
surface or the sound reflection board 4; hence, the reflected sound S2 reaching the 
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listening position U has a frequency-gain characteristic shown in FIG. 3D. 

Next, operation in which the characteristic correction device 2 is included in 
the constitution as described in the present embodiment will be described. The 
characteristic correction device 2 imparts characteristics reverse to the frequency-gain 
characteristics of the wall surface or the sound reflection board 4 to the audio signal SO 
(having frequency-gain characteristics shown in FIG. 3E) output from the audio signal 
generation device 1. That is, the frequency characteristic correction filter 22 of the 
characteristic correction device 2 performs correction so as to increase gains with 
respect to prescribed frequencies damped at the wall surface or the sound reflection 
board 4. 

Due to the aforementioned correction, frequency-gain characteristics shown in 
FIG. 3F are imparted to the sound SI that the directional speaker 3 emits towards the 
wall surface or the sound reflection board 4. When the sound SI is reflected on the 
wall surface or the sound reflection board 4, it comes to have frequency-gain 
characteristics as shown in FIG. 3D. As a result, the frequency-gain characteristics 
shown in FIGS. 3D and 3F cancel each other out, so that the sound S2 reaching the 
listening position U comes to have flat frequency-gain characteristics as shown in FIG 
3G As described above, the audio characteristics of the sound SI, which the 
directional speaker 3 emits towards the wall surface or the sound reflection board 4, 
are corrected in advance by means of the characteristic correction device 2; hence, it is 
possible to realize ideal frequency-gain characteristics at the listening position U. 

The aforementioned description relates to correction of the frequency-gain 
characteristics; similarly, the frequency-phase characteristics can be corrected as well. 
That is, when a phase delay occurs with respect to a specific frequency upon the 
reflection on the wall surface or the sound reflection board 4, the corresponding 
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frequency may be previously advanced in phase by means of the phase characteristic 
correction filter 23 in the characteristic correction device 2. 

As for correction for absolute sound pressure damping characteristics, it is 
necessary to adjust the gain by means of the gain adjustment circuit 24 of the 
characteristic correction device 2 such that the sound S2 reflected on the wall surface 
or the sound reflection board 4 comes to have an optimal level (i.e., soimd pressure) at 
the listening position U. 

When virtual speakers are produced on the wall surface of a listening room, 
there are problems in that the virtual speakers may not realize audio characteristics 
(i.e., frequency-gain characteristics, frequency-phase characteristics, and gains) having 
constant quality, which is secured in actual speakers, and audio characteristics may 
differ in rooms due to materials of walls. When the soxmd reflection board is used as 
a virtual speaker, there is a probability of the price becoming higher in order to gain 
audio characteristics of constant quality or higher quality. 

In the present embodiment, audio characteristics compensating for audio 
characteristics realized by the wall surface or the sound reflection board 4 are imparted 
to sounds emitted from the directional speaker 3 in advance; hence, it is possible to 
improve audio characteristics of sounds reflected on the wall surface or the sound 
reflection board 4; and this realizes more practical virtual speakers. 

As described above, the characteristic correction device 2 can be realized 
using digital filters. Digital filters are not necessarily used for the purpose of 
corrections of audio characteristics, but they can simultaneously realize fimctions of 
parametric equalizers, for example; hence, they can be used to actively change 
frequency-phase characteristics of the system. By actively involving changes of 
characteristics of sound fields in rooms in characteristics realized by the characteristic 
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correction device 2, it is possible to create sound fields suiting a user's preferences. 

Incidentally, the present embodiment simultaneously corrects frequency-gain 
characteristics, fi-equency-phase characteristics, and absolute sound pressure damping 
characteristics at the wall surface or the sound reflection board 4. As this invention is 
not necessarily limited to the present embodiment, it is possible to correct at least one 
of the aforementioned characteristics. In the constitution shown in FIG. 2, the AID 
converter 21 is incorporated into the characteristic correction device 2. However, 
when the audio signal generation device 1 is designed to output digital signals, the A/D 
converter 21 is not needed. 
[Second Embodiment] 

Next, a second embodiment of this invention will be described. The second 
embodiment uses an array speaker as the directional speaker 3 shown in the first 
embodiment. 

FIG 4 is a block diagram showing an example of the constitution of the 
directional speaker 3 using an array speaker. The directional speaker 3 in the second 
embodiment includes a delay circuit 3 1 for applying a delay time, corresponding to 
directivities (focal positions of sounds) to be realized, to an audio signal SO' output 
from the characteristic correction device 2, plural gain adjustment circuits 32 (32-1 to 
32-n) for adjusting gains of output signals of the delay circuit 31 to prescribed levels, 
plural amplifiers 33 (33-1 to 33-n) for amplifying output signals of the gain adjustment 
circuits 32, and plural speakers 34 (34-1 to 34-n) driven by the ampUfiers 33. 

The directional speaker 3 controls directivities of sounds emitted from the 
speakers 34 such that the sounds are directed towards a prescribed wall surface or a 
soxmd reflection board 4. Next, directivity control of the directional speaker 3 will be 
described with reference to FIG. 5. Suppose that a circular arc Z is drawn with a 
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distance D from a position P of a wall surface or a sound reflection board 4, and line 
segments connecting the position P and the plural speakers 34 (34-1 to 34-n) included 
in the directional speaker 3 are extended to intersect with the circular arc Z at 
intersection points designated by dotted circles, so that virtual speakers 35 (35-1 to 
35-n) are arranged at the positions of the dotted circles. The same distance D lies 
between the position P and the virtual speakers 35; hence, sounds emitted from the 
virtual speakers 35 may reach the position P at the same time. 

In order to make sure that all the sounds emitted from the speakers 34-i 
(where i = 1, 2, .. n) included in the directional speaker 3 reach the position P at the 
same time, it is necessary to apply delay times LAiA^ (where V represents soimd 
transmission velocity), corresponding to distances LAi between the speakers 34-i and 
the corresponding virtual speakers 35-i, to an input signal. Based on this operation 
principle of an array speaker, the delay circuit 31 in the directional speaker 3 applies 
delay times LAiA^, corresponding to the speakers 34-i, to the audio signal SO' input 
thereto, thus producing n delayed audio signals. 

The gain adjustment circuits 32-i adjust gains of output signals of the delay 
circuit 31; then, the amplifiers 33-i amplify output signals of the gain adjustment 
circuits 32-i so as to drive the speakers 34-i. As described above, by adjusting delay 
times applied to audio signals with respect to the speakers 34-i, it is possible to control 
directivities of sounds emitted from the directional speaker 3; hence, it is possible to 
adjust phases of sounds at a single point (i.e., a focal point) in space emitted from the 
speakers 34-i, 

As described above, by use of an array speaker, it is possible to realize sound 
localization with respect to the position of a focal point, corresponding to a single 
point arbitrarily set in space, at which a speaker may exist. This makes it possible to 
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arrange virtual speakers on the wall surface or the sound reflection board 4 as well as 
to create a focal point on which sounds reflected on the wall surface or the sound 
reflection board 4 may focus. Thus, it is possible to arrange virtual speakers at 
desired positions in space defined between the wall surface or the sound reflection 
board 4 and the listening position U. 

By use of plural speakers included in an array speaker, it is possible to 
simultaneously produce plural sounds having different directivities. In this case, as 
shown in FIG. 6, it is possible to realize numerous virtual speakers. In addition, as 
shown in FIG. 7, it is possible to simultaneously output audio signals of main channels 
and audio signals of surround channels. In the case of FIG. 6, each of the speakers 
SP-SL and SP-SR corresponds to the directional speaker 3; hence, each of the speakers 
SP-SL and SP-SR simultaneously emits plural sounds having different directivities. 
In the case of FIG. 7, each of the speakers SP-L and SP-R corresponds to the 
directional speaker 3; hence, each of the speakers SP-L and SP-R simultaneously emits 
an audio signal of a main channel and an audio signal of a surround channel. 

Incidentally, when the delay circuit 31 for an array speaker is constituted 
using a digital circuit, it is unnecessary to use the D/A converter 25 in the 
characteristic correction device 2. 
[Third Embodiment] 

Next, a third embodiment of this invention will be described. FIG. 8 is a 
block diagram showing an audio characteristic correction system in accordance with 
the third embodiment, wherein parts identical to those of the first embodiment shown 
in FIG. 1 are designated by the same reference numerals. The audio characteristic 
correction system of the third embodiment includes an audio signal generation circuit 
1, a characteristic correction device 2, a directional speaker 3, a microphone 5, a 



14 



characteristic analysis device 6 for analyzing audio characteristics of sounds picked up 
by the microphone 5, a characteristic correction control device 7 for controlling at 
least one of frequency-gain characteristics, frequency-phase characteristics, and gain 
of the characteristic correction device 2 based on the analysis results of the 
characteristic analysis device 6 such that a sound S2 reflected on the wall surface or 
the sound reflection board 4 has desired audio characteristics at a listening position, 
and a main speaker 8 for outputting an audio signal of a main charmel (i.e., a main left 
signal L or a main right signal R). The aforementioned microphone 5 and 
characteristic analysis device 6 form a measurement means, and the characteristic 
correction control device 7 forms a control means. 

The audio signal generation device 1 generates an audio signal SO for 
measurement, such as an impulse signal suitable for audio characteristic analysis, band 
noise having a specific frequency band, and a sweep signal. A sound SI emitted from 
the directional speaker 3 is reflected on the wall surface or the sound refection board 4 
and is thus converted into a sound S2, which is picked up by the microphone 5 
arranged at the listening position. The characteristic analysis device 6 analyzes audio 
characteristics of the sound S2 so as to produce transmission characteristics of the 
system, i.e., audio characteristics of the wall surface or the sound reflection board 4. 
The characteristic correction control device 7 calculates characteristics which should 
be imparted to the audio signal SO in order to correct audio characteristics of the wall 
surface or the sound reflection board 4, thus controlling the characteristic correction 
device 2. 

Next, operation for measuring the frequency-gain characteristics and 
frequency-phase characteristics of the sound S2 reflected on the wall surface or the 
sound reflection board 4 and operation for controlling the frequency-gain 
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characteristics and frequency-phase characteristics of the characteristic correction 
device 2 based on measurement results will be described. Herein, the audio signal 
generation device 1 generates band noise having a certain frequency band as the audio 
signal SO for measurement. In this case, the characteristic correction device 2 is put 
into a through state (v^here SO=SO'), and the main speaker 8 is put into an OFF state 
(i.e., a silent state). The band noise output from the audio signal generation circuit 1 
is emitted as the sound S 1 towards the wall surface or the sound reflection board 4 by 
means of the directional speaker 3, whereby it is reflected and then reaches the 
microphone 5 arranged at the listening position as the sound S2. 

The characteristic analysis device 6 measures the level (i.e., soxmd pressure) 
of the sound S2 that is picked up by the microphone 5. Such measurement operation 
is repeatedly performed after changing the frequency of the band noise output from the 
audio signal generation device 1 . Thus, it is possible to measure the frequency-gain 
characteristics of the soimd S2. The characteristic analysis device 6 sends the results 
of measurement of the frequency-gain characteristics of the sound S2 to the 
characteristic correction control device 7. 

Based on the fi-equency-gain characteristics of the sound S2 measured by the 
characteristic analysis device 6, the characteristic correction control device 7 
calculates filter characteristics of the frequency characteristic correction filter 22 in the 
characteristic correction device 2 so as to calculate filter coefficients realizing filter 
characteristics and to set them for the frequency characteristic correction filter 22 such 
that the sound has desired frequency-gain characteristics at the listening position. 

When the audio signal generation device 1 generates a sweep signal whose 
fi-equency continuously varies or an impulse signal as the audio signal SO for 
measurement, the sound S2 picked up by the microphone 5 is subjected to digital 
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signal processing in the characteristic analysis device 6, making it possible to measure 
the frequency-gain characteristics of the sound S2 efficiently and with a high precision, 
and to measure the frequency-phase characteristics of the soxmd S2 as well. 

The characteristic correction control device 7 operates based on the 
frequency-phase characteristics of the sound S2, which are measured and analyzed by 
the characteristic analysis device 6, so that it calculates filter characteristics of the 
phase characteristic correction filter 23 in the characteristic correction device 2 so as to 
calculate filter coefficients realizing filter characteristics and to set them for the phase 
characteristic correction filter 23 such that a desired frequency-phase characteristics 
are realized at the listening position. 

Next, operation for measuring the absolute soimd pressure damping 
characteristics of the sound S2 reflected on the wall surface or the sound reflection 
board 4 and operation for controlling the gain of the characteristic correction device 2 
based on the measurement results will be described. The audio signal generation 
device 1 generates an audio signal SO having a constant level for measurement. In 
this case, the characteristic correction device 2 is put into a through state, and the main 
speaker 8 is put into an OFF state (i.e., a silent state). The directional speaker 3 emits 
a sound SI based on the audio signal SO for measurement, which is output from the 
audio signal generation device 1, so that the sound SI is reflected on the wall surface 
or the sound reflection board 4 and is converted into a sound S2, which reaches the 
microphone 5 at the listening position. The characteristic analysis device 6 measures 
the level (i.e., sound pressure) of the sound S2 picked up by the microphone 5. 

Since the directional speaker 3 is put into an OFF state (i.e., a silent state), the 
audio signal SO having the constant level for measurement is supplied to the main 
speaker 8. The main speaker 8 produces a sound S3 based on the audio signal SO for 
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measurement and emits it towards the microphone 5 at the listening position. The 
characteristic analysis device 6 measures the level (i.e., sound pressure) of the sound 
S3 picked up by the microphone 5. With reference to the level of the sound S3, the 
characteristic correction control device 7 calculates the gain of the characteristic 
correction device 2 so as to calculate a gain coefficient realizing the gain and to set it 
for the gain adjustment circuit 24 in the characteristic correction device 2 such that the 
level of the sound 82 comes to have an optimal value. 

After the setup of the characteristic correction device 2, the audio signal 
generation device 1 generates an audio signal of a main channel, which is then 
supplied to the main speaker 8, and an audio signal of a surround channel, which is 
then supplied to the characteristic correction device 2. 

When virtual speakers are realized on wall surfaces of a listening room, audio 
characteristics differ due to materials of the walls in the room. According to the 
present embodiment, audio characteristics of the wall surface or the sound reflection 
board 4 are measured in advance; hence, it is possible to cope with differences of 
audio characteristics. 

Due to the aforementioned measurement, sounds of speakers directly reaching 
the microphone 5, sounds indirectly reaching the microphone 5 by way of the wall 
surface or the sound reflection board 4 acting as virtual speakers, and soimds that 
reach the microphone 5 after being reflected on the other wall surface are inevitably 
intermixed together; hence, even when sophisticated digital signal processing 
technology is used, it is difficult to extract only the necessary sounds. As one method 
for simplifying measurement in such environments, it is possible to use a method in 
which a directional microphone is used as the microphone 5 so as to selectively pick 
up the sound subjected to measurement. 
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In the present embodiment, desired characteristics can be set for the 
characteristic correction device 2 based on measurement results. Instead, an audio 
signal S for measurement, which is output from the audio signal generation device 1, 
may be supplied to the characteristic correction device 2 so as to emit a sound SI, 
which is subjected to reflection so as to produce a sound S2, which is then subjected to 
re-measurement with respect to frequency-gain characteristics, frequency-phase 
characteristics, and absolute sound pressure damping characteristics, thus setting 
characteristics again for the characteristic correction device 2 based on the 
re-measurement results. Thus, it is possible to improve correction precision. 

The present embodiment uses the sound S3, which the main speaker 8 emits 
directly to the microphone 5, as the basis of measurement with regard to the absolute 
soimd pressure damping characteristics. Instead, the directional speaker 3 may be 
changed in directivity, so that the sound which the directional speaker 3 emits directly 
to the microphone 5 can be used as the basis of measurement. As described above, it 
is possible to easily change the directivity by use of an array speaker in the present 
embodiment. 

When a single directional speaker 3 (designated by SP-SL or SP-SR) is used 
to realize plural virtual speakers as shown in FIG. 6, it may be necessary to provide a 
chEiracteristic correction device 2 for correcting an audio signal per each virtual 
speaker. Instead, when plviral virtual speakers are arranged on the same wall surface, 
the aforementioned measurement may be performed on a single point on the wall 
surface, so that the frequency-gain characteristics, frequency-phase characteristics, and 
gain, which are produced based on measurement results, are set for the characteristic 
correction device 2. This simplifies the measurement adjustment processes. 
[Fourth Embodiment] 



19 



In the aforementioned third embodiment, audio characteristics regarding the 
reflection on the wail surface or the sound reflection board are measured, so that the 
characteristic correction control device 7 calculates the frequency-gain characteristics, 
frequency-phase characteristics, and gain for the characteristic correction device 2 
based on the measurement results. Instead, plural types of correction patterns, 
corresponding to combinations of frequency-gain characteristics, frequency-phase 
characteristics, and gains for the characteristic correction device 2, may be set in 
advance for the characteristic correction control device 7, so that the characteristic 
correction control device 7 selects an appropriate correction pattern based on the 
measurement results. This simplifies the calculation processes in the characteristic 
correction control device 7. 

In addition, it is possible to modify the embodiment so that a listener sets an 
appropriate correction pattem for the characteristic correction device 2 based on a 
listening result at a listening position. In this case, the measurement processes can be 
substantially simplified; hence, it is unnecessary to use the microphone 5 and the 
characteristic analysis device 6. 
[Fifth Embodiment] 

Next, a fifth embodiment of this invention will be described. FIG. 9 is a 
block diagram showing the constitution of an audio characteristic correction system in 
accordance with the fifth embodiment, wherein parts identical to those of the third 
embodiment shown in FIG. 8 are designated by the same reference numerals. By 
executing the aforementioned measurement described in conjunction with the third 
embodiment, it is possible to measure audio characteristics with regard to the wall 
surface or the sound reflection board 4. However, when using such measurement 
functions, in the case of a sound absorption wall having a very high damping ratio and 



20 



in the case where relatively large peaks and bottoms exist in frequency-gain 
characteristics, for example, even when the characteristic correction device 2 performs 
correction based on measurement results of audio characteristics, desired audio 
characteristics may not always be realized at the listening position. The fifth 
embodiment is characterized in that when a desired correction effect cannot be 
expected of the characteristic correction device 2, the directivity of the directional 
speaker 3 is automatically changed, so that virtual speakers having good audio 
characteristics can be arranged on the wall surface or the sound reflection board 4. 

Hereinafter, the operation of the present embodiment will be described with 
reference to FIG. 9. Herein, the fifth embodiment is identical to the third 
embodiment in terms of the constitution and operation for measuring the 
frequency-gain characteristics, frequency-phase characteristics, and absolute sound 
pressure damping characteristics with respect to the sound S2 reflected on the wall 
surface or the soimd reflection board 4. 

In FIG. 9, the characteristic correction control device 7a has fiinctions for 
controlling the directivity of the directional speaker 3 in addition to fimctions of the 
characteristic correction control device 7 used in the third embodiment, and after 
completion of measurement, it sends prescribed directivity control coefficients to the 
delay circuit 31 in the directional speaker 3. The delay circuit 31 changes delay times 
applied to audio signals supplied to speakers 34 in response to the directivity control 
coefficients, thus changing the focal position of the sound SI emitted from the 
directional speaker 3 . 

As described above, the present embodiment repeatedly performs 
measurement on the sound S2 reflected on the wall surface or the sound reflection 
board 4 while changing the directivity of the directional speaker 3. In FIG. 9, the 
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directional speaker 3 emits three sounds Sl-1, Sl-2, and SI -3, each of which is 
produced by slightly changing the directivity; hence, these sounds are reflected on the 
wall surface or the sound reflection board 4 so as to produce three sounds S2-1, S2-2, 
and S2-3, characteristics of which are measured. The characteristic correction 
control device 7a stores measurement results regarding characteristics of the sounds 
S2-1, S2-2, and S2-3 in relation to directivity control coefficients, which are used in 
the measurement. 

Thereafter, the characteristic correction device 7a selects optimum 
characteristics from among characteristics of the stored soimds S2 so as to select the 
corresponding directivity control coefficients, which in tum correspond to positions 
(i.e., focal positions) on the wall surface or the sound reflection board 4 and are set up 
as representations of positions of virtual speakers. 

As described above, the present embodiment executes measurement while 
automatically changing the directivity of the directional speaker 3; hence, it is possible 
to prevent virtual speakers from being realized on a wall surface or the sound 
reflection board having poor audio characteristics. This makes it possible for virtual 
speakers to be realized on a wall surface or the soimd reflection board having good 
audio characteristics. 

Through the repeatedly performed measurement of the sound S2 reflected on 
the wall surface or the sound reflection board 4 while changing the directivity of the 
directional speaker 3, when it is judged that the characteristic correction device 2 has a 
low correction effect, the characteristic correction control device 7a notifies a listener 
via a notification device 9 that desired audio characteristics cannot be obtained. As a 
notification method for a listener, it is possible to tum on a prescribed lamp or to 
display a message that desired audio characteristics cannot be obtained on a display 
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screen, for example. Upon receipt of such notification, the listener may prepare 
another sound reflection board having good audio characteristics, thus improving the 
characteristics of the virtual speakers. 

The present embodiment automatically changes the directivity of the 
directional speaker 3. Instead, it is also possible to provide manual directivity control, 
whereby when it is judged that the characteristic correction device 2 has a low 
correction effect, the characteristic correction control device 7a notifies a listener via 
the notification device 9 that desired audio characteristics cannot be obtained. In this 
case, the listener may change the directivity of the directional speaker 3 so as to realize 
virtual speakers in another area of the wall surface; alternatively, the listener may 
prepare another sound reflection board having good audio characteristics. 
[Sixth Embodiment] 

Next, a sixth embodiment of this invention will be described. FIG. 10 is a 
block diagram showing the constitution of an audio characteristic correction system in 
accordance with the sixth embodiment, wherein parts identical to those of the third 
embodiment shown in FIG 8 are designated by the same reference numerals. The 
audio characteristic correction system of the sixth embodiment includes an audio 
signal generation device 1, a characteristic correction device 2, a directional speaker 3, 
a microphone 5, a characteristic analysis device 6b, a characteristic correction control 
device 7b, a main speaker 8, and a delay correction device 10 for delaying an audio 
signal of a main channel. The characteristic analysis device 6b measures a time 
difference between an arrival time at which a sound S3 emitted from the main speaker 
8 directly reaches the listening position and an arrival time at which a sound S2 
emitted from the directional speaker 3 and reflected on the wall surface or the sound 
reflection board 4 reaches the listening position. The characteristic correction control 
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device 7b sets a delay time for the delay correction device 10 based on the analysis 
results of the characteristic analysis device 6b so that the arrival times of the sounds S2 
and S3 match each other. 

Since the sound of the main speaker 8 directly reaching the listening position 
and the sound of the directional speaker 3 reaching the listening position via the wall 
surface or the sound reflection board 4 differ from each other in terms of propagation 
distance, they must differ from each other in arrival time at the listening position. In 
order to compensate for a time difference between arrival times at the listening 
position with respect to main-channel and surround-channel audio signals, the present 
embodiment controls a delay time applied to the main-channel audio signal. 

As measurement methods of delay times, there are provided a method for 
measuring an absolute delay time and a method for measuring a relative delay time 
with respect to the sound S2 reflected on the wall surface or the sound reflection board 
4. First, the method for measuring an absolute delay time will be described. The 
audio signal generation device 1 generates an audio signal SO for measurement in 
response to a trigger signal output from the characteristic analysis device 6b and sends 
it to the characteristic correction device 2. The audio signal SO for measurement is 
supplied to the directional speaker 3 via the characteristic correction device 2, so that a 
sound SI is emitted towards and reflected on the wall surface or the soxmd reflection 
board 4 so as to produce a sound S2, which then reaches the microphone 5 at the 
listening position. After the characteristic analysis device 6b generates a trigger 
signal, it measures an arrival time at which the microphone 5 detects the sound S2. 

The audio signal generation device 1 outputs the audio signal SO for 
measurement to the delay correction device 10 in response to the trigger signal output 
from the characteristic analysis device 6b. At this time, the delay time of the delay 
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correction device 10 is set to a minimum value. The audio signal SO for 
measurement is supplied to the main speaker 8 via the delay correction device 10, so 
that a sound S3 is emitted towards the microphone 5. Thus, the characteristic 
correction device 6b measures an arrival time at which the microphone 5 detects the 
soimd S3 after generation of the trigger signal. Next, the characteristic analysis 
device 6b detects a time difference between the arrival times of the sounds S2 and S3 
as an absolute delay time. Instead, the audio signal generation device 1 may supply 
an impulse signal simultaneously to the characteristic correction device 2 and the delay 
correction device 10; then, a time difference be detected between the arrival times of 
the sounds S2 and S3 reaching the microphone 5 based on the impulse signal, thus 
measuring an absolute delay time. 

Next, the method for measuring a relative delay time will be described. The 
audio signal generation device 1 generates an audio signal SO for measurement in 
response to a trigger signal output from the characteristic analysis device 6b and sends 
it simultaneously to the characteristic correction device 2 and the delay correction 
device 10. The characteristic analysis device 6b detects the correlation between 
plural sounds picked up by the microphone 5 so as to calculate a relative delay time. 
In this case, it is possible to use an impulse signal or random noise as the audio signal 
SO for measurement. 

Next, based on the absolute delay time or relative delay time measured by the 
characteristic analysis device 6b, the characteristic correction control device 7b sets a 
delay value for the delay correction device 10 so that the arrival time of the sound 
emitted from the main speaker 8 and reaching the listening position matches the arrival 
time of the sound emitted from and directional speaker 3, reflected on the wall surface 
or the sound reflection board 4, and then reaching the listening position. It is 
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preferable that the delay correction device 10 be constituted using digital memory in 
order to secure fine adjustment of delay times with ease. After the setting of a delay 
time for the delay correction device 10, the audio signal generation device 1 supplies a 
main-channel audio signal to the delay correction device 10 and also supplies a 
surround-channel audio signal to the characteristic correction device 2. 

As described above, the present embodiment includes the delay correction 
device 10 to delay a main-channel audio signal, whereby the arrival time of the sound 
emitted from the main speaker 8 and directly reaching the listening position can match 
the arrival time of the sound emitted from the directional speaker 3, reflected on the 
wall surface or the sound reflection board 4, and then reaching the listening position. 

When an array speaker is used for the main speaker 8, the delay time of the 
array speaker can share the function of the delay correction device 10. 

Incidentally, it is possible to realize at least a part of the characteristic analysis 
devices 6 and 6b and the characteristic correction control devices 7, 7a, and 7b used in 
the first to sixth embodiments by use of a microcomputer. 

As described above, this invention is applicable to surroxmd systems in which 
sounds emitted fi-om directional speakers are reflected on wall surfaces or sound 
reflection boards so as to create virtual speakers. 

Incidentally, this invention is not necessarily limited to the aforementioned 
embodiments; and various changes within the scope of the invention may be embraced 
by this invention. 
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